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 PERFORMANCE OF COLD-FORMED STEEL SHEAR 
WALLS WITH FRAME BLOCKING AND DOUBLE-
SHEATHING 
Robert Rizk1, Vincent Briere2, Veronica Santos3, Colin A. Rogers4 
Abstract 
This paper summarizes a laboratory based research program on blocked and 
double-sheathed cold-formed steel framed shear walls. The intent was to develop 
walls whose in-plane shear resistance exceeds that of configurations currently 
listed in the AISI S400 Standard. The results showed that the frame blocking can 
be used in the construction of walls whose resistance is at the limit of that found 
in AISI S400; however, the blocking will not adequately restrain the framing 
members if thicker sheathing is used. An approach was needed to minimize the 
effect of the eccentric loading caused by the sheathing and to account for the 
combination of axial compression and bending on the chord studs. Shear walls 
with steel sheathing placed on both sides of the framing demonstrated resistances 
up to twice those listed in AISI S400, without damage to the framing members, 
and similar ductility characteristics to previously tested CFS shear walls.  
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Introduction 
To enter into the construction market for mid-rise buildings the cold-formed steel 
(CFS) industry requires a solution to address the need to resist higher seismic shear 
forces. The proven performance of steel-sheathed shear walls is required; i.e. all-steel 
shear wall configurations capable of carrying lateral loads in the range of 60 kN/m, to 
bridge the gap between CFS and hot-rolled steel lateral framing shear wall systems. 
This will expand on the range of shear resistance values (maximum 30 kN/m) listed 
in the American Iron and Steel Institute (AISI) S400 (2015) North American Standard 
for Seismic Design of CFS Structural Systems. Various solutions exist to increase the 
shear resistance of a CFS framed shear wall: 1) Use full blocking of the stud framing, 
which has been shown to increase the resistance by up to 25% compared with an un-
blocked wall suffering from chord stud damage (DaBreo et al. 2013). The blocking 
restrains the chord studs from a torsional failure mode caused by the eccentric loading 
of the one-sided steel sheathing; and 2) Construct walls with heavier frames (1.73 to 
2.5 mm), with sheathing on both sides of the wall and with sheathing of greater 
combined thickness.  
The existing AISI S400 design provisions for steel-sheathed shear walls were 
developed through various research programs. Design values for the USA and Mexico 
were based on research by Serrette et al. (1996, 1997), in addition to studies by Yu et 
al. (2007), Ellis (2007), Yu & Chen (2009, 2011) and Yu (2010), among others. This 
body of research was complemented by studies to develop a seismic design approach 
specific for use in Canada. Laboratory research was completed by Shamim et al. 
(2013) and DaBreo et al. (2013), which included tests of walls with frame blocking, 
as well as dynamic shake table tests of single and double storey walls. Balh et al. 
(2014) described the development of the design approach now found in the AISI S400 
Standard. These test programs were supplemented by Shamim & Rogers (2013, 2015) 
with the numerical modelling of representative CFS buildings subjected to ground 
motions. 
Tabulated shear resistance values are provided for steel-sheathed shear walls in the 
AISI S400 Standard. The only construction configuration currently available is that of 
a CFS framed wall sheathed on a single side with thin steel panels. Due to the eccentric 
placement of the sheathing, the chord studs of the wall are subjected to torsional 
moments, which can lead to their failure during ground motion excitation. As such, 
the objective of the research presented in this paper was to improve upon the shear 
resistance and behaviour of this standard wall configuration by constructing walls in 
which the stud framing was blocked with horizontal steel members, as well as with 
walls comprising a sheathing panel on both faces. This paper contains the results of a 
laboratory-based research program on these blocked walls, ranging in size from 610 
× 2440 mm to 2440 × 2440 mm (14 configurations), and double-sheathed walls 1220 
× 2440 mm in size (8 configurations).   
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Test program 
Twenty-eight blocked walls and sixteen double-sheathed walls were tested in the 
Jamieson Structures Laboratory at McGill University using the dedicated shear wall 
test setup (Figure 1). The test frame is equipped with a 250kN MTS dynamic loading 
actuator with a ±125mm stroke. Out-of-plane movements of the walls were prevented. 
Monotonic and CUREE reversed-cyclic (Krawinkler et al. 2000) displacement-based 
lateral loading protocols were applied. 
A typical example of the construction of a blocked wall is provided in Figure 2, along 
with a listing of test specimens in Table 1. Note the horizontal framing members used 
to restrict the torsional movement of the studs. This construction technique is the same 
as that employed by DaBreo et al. (2013), however their tests were limited to 1220 
mm long walls (aspect ratio 2:1). In the test program described herein, the aspect ratios 
of the blocked walls ranged from 4:1 to 1:1. The intent was to validate whether the 
blocked design values given in AISI S400 were also valid for these other length walls. 
ASTM A653 Grade 230 sheathing and Grade 340 framing member were specified. 
The blocking members were the same size as the track members. No. 8 gauge self-
drilling pan head screws were used to fasten the sheathing panel to the cold-formed 
steel frame with an edge distance of 9.5 mm. Simpson Strong-Tie S/HD10S holdowns 
were utilized. A detailed description of the walls’ construction and test results can be 
found in the thesis of Rizk (2017). 
Figure 1 – Shear wall test setup showing double sheathed test specimen 
A representation of a double-sheathed wall is shown in Figure 3, with a listing of the 
test specimens available in Table 2. The design of these walls was different from that 
of previously tested steel-sheathed shear walls. Given the symmetry of this 
configuration, no eccentric loading would be applied on the chord studs, therefore 
allowing for a higher shear resistance since the chord studs would in principle not 
experience torque and hence would not become damaged if designed for the in-plane 
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moment and axial forces. Numerical analyses were completed to determine the 
specific framing member sizes. The higher resistance expected from the sheathing 







Figure 2 – Steel sheathed shear wall with frame blocking; a) full wall with cut-
away sheathing panel, & b) chord stud-to-blocking connection detail 
















W1 1220 0.76 1.73 50 M & C 
W2 1220 0.76 2.46 50 M & C 
W3 610 0.76 1.37 50 M & C 
W4 610 0.76 1.37 75 M & C 
W5 610 0.76 1.37 100 M & C 
W6 610 0.76 1.37 150 M & C 
W7 1830 0.76 1.37 50 M & C 
W8 1830 0.76 1.37 75 M & C 
W9 1830 0.76 1.37 100 M & C 
W10 1830 0.76 1.37 150 M & C 
W11 2440 0.76 1.37 50 M & C 
W12 2440 0.76 1.37 75 M & C 
W13 2440 0.76 1.37 100 M & C 
W14 2440 0.76 1.37 150 M & C 




Figure 3 – Double-sheathed shear wall; a) full wall with cut-away sheathing 
panel, & b) base of wall with front sheathing not shown 
















W19 2 × 0.36 1.73 10 50 M & C 
W20 2 × 0.36 1.73 10 100 M & C 
W21 2 × 0.36 2.46 10 50 M & C 
W22 2 × 0.36 2.46 10 100 M & C 
W28 2 × 0.47 2.46 10 50 M & C 
W29 2 × 0.47 2.46 10 100 M & C 
W30 2 × 0.47 2.46 12 50 M & C 
W31 2 × 0.47 2.46 12 100 M & C 
1 M: Monotonic; C: Reversed-cyclic displacement based test protocol 
members of greater resistance were required. Furthermore, given the extent of the 
anticipated tension field force in the sheathing, it was necessary to consider combined 
axial and flexural loading on these framing members. Since this configuration had 
never been previously tested, it was necessary to rely on existing design methods, 
valid for standard cold-formed steel shear walls, to predict the forces expected in the 
framing members. The Effective Strip Method (Yanagi & Yu, 2013) was developed 
for walls such as those tested by Yu (2010), Yu & Chen (2011) and Balh (2010). The 
method assumes that lateral forces applied to the wall are carried by a partial width of 
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the sheathing, also called the tension field. It had been calibrated using the 
experimental data of 70 monotonic and 72 cyclic full-scale tests of standard 
construction CFS framed / sheathed shear walls. These tests covered different wall 
building parameters having single-sided sheathing, using various framing thickness, 
sheathing thickness, fastener spacing and wall aspect ratio, all varying within specified 
ranges. An adaptation of this method, using strips to represent the tension field of the 
wall, was used to develop a SAP2000 model in order to perform the structural analysis 
of the test specimens. Although the new construction details and wall parameters are 
different from those for which this method had been developed, the Effective Strip 
Method was used in its original form to predict the strength and resulting frame 
member forces for the test specimens. This resulted in the choice of built-up box 
members for the chord studs, connected using vertical steel strips, whose resistance 
was determined using AISI S100 (2016) / CSA S136 (2016). ASTM A653 Grade 230 
sheathing and Grade 340 framing member were specified. No. 10 or 12 gauge self-
drilling pan head screws were used to fasten the sheathing panels to the cold-formed 
steel frame with an edge distance of 38 mm. Simpson Strong-Tie S/HD15S holdowns 
were used. A detailed description of the walls’ construction and test results can be 
found in the theses of Brière (2017) and Santos (2017). 
Test observations 
In the blocked shear walls elastic shear buckling of the sheathing panels first took 
place, in addition to the development of a tension field (Figure 4a); this was 
followed by bearing deformations in the sheathing at fastener locations (Figure 4b). 
In an overall sense, the blocking did restrain the chord studs from twisting, however, 
it did not prevent the flange-lip component of the stud from being deformed. In 
cases where a dense screw pattern was used, damage as illustrated in Figure 5a 
occurred. Furthermore, in the longer walls, the out-of-plane forces arising from the 
buckled sheathing caused the entire wall to bend inwards, which in some cases 
resulted in the failure of the central studs (Figure 5b). The blocking did not fully 
restrain the out-of-plane movement of the walls. These damage patterns indicate 
that additional shear capacity of the blocked walls could not be achieved by 
installing thicker sheathing, larger screws, or more screws, because the response to 
in-plane loading was restricted by the capacity of the open framing members and 
functionality of the blocking. Additional photographs and a complete description of 
each test wall’s damage patterns are provided in the thesis of Rizk (2017). 
The double-sheathed shear walls also experienced elastic shear buckling of the 
sheathing, and the associated development of a tension field (Figure 6a). This was 
typically followed by bearing damage in the panels at the screw locations (Figure 
6b). The frame of the test walls remained undamaged for the most part (Figure 
7b); it was capable of carrying the applied axial forces and in-plane moments. Of 






Figure 4 – Typical damage to blocked shear walls due to; a) shear buckling of 





Figure 5 – Typical damage to blocked shear walls due to; a) torsional forces on 







Figure 6 – Typical damage to double-sheathed shear walls; a) shear buckling of 





Figure 7 – Typical damage to double-sheathed shear walls; a) detachment of 
sheathing from framing, & b) undamaged frame (front sheathing removed post-test) 
to the sheathing disengaging from the frame (Figure 7a). The bearing / slotting of 
the sheathing at the fasteners, followed by the out-of-plane distortion of the 
sheathing (shear buckling) led to the loss of connectivity of a large portion of the 
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panels. This limited the extent to which at increased drift the double-sheathed 
shear walls could maintain their resistance to in-plane loading, and as such their 
ductility. Additional photographs and a complete description of each test wall’s 
damage patterns are provided in the theses of Brière (2017) and Santos (2017). 
Measured test results 
The measured properties of each wall were determined for both the monotonic 
(Figures 8 & 10) and reversed-cyclic (Figures 9 & 11) loading protocols. Tables 3 and 
4 contain the monotonic and reversed-cyclic, respectively, test data for the blocked 
shear walls. This same information is provided in Tables 5 and 6 for the double-
sheathed test specimens. The definitions of the measured parameters for a typical 
monotonic or backbone curve of a reversed-cyclic test are illustrated in Figure 12. 
 
Figure 8 – Representative monotonic force vs. deformation test results of 
blocked shear walls (Test W9-M) 
 
Figure 9 – Representative reversed-cyclic force vs. deformation test results of 
blocked shear walls (Test W9-C) 
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Figure 10 – Representative monotonic force vs. deformation test results of 
double-sheathed shear walls (Test W31-M) 
 
Figure 11 – Representative reversed-cyclic force vs. deformation test results of 
double-sheathed shear walls (Test W31-C) 
The shear resistance for the blocked walls was similar to that found by DaBreo et al. 
(2013) for the matching configurations. This indicates that for walls with an aspect 
ratio between 1:1 and 1:2 the listed design values in AISI S400 (2015) are appropriate. 
There is a need for a reduction factor in shear design for the 4:1 aspect ratio walls, as 
per AISI S400, to account for the ultimate strength being reached at high drift levels, 
i.e. above 3%. Using thicker framing members (walls W1 & W2) did lead to higher 
shear resistance, however deformations of the chord studs did still take place. As such, 
further advances in shear strength are likely not achievable with this construction 
configuration due to the eccentric loading condition on the open framing members. 
The double-sheathed walls with a combined sheathing thickness approximately 
equaling that of the blocked walls (0.72 mm vs. 0.76 mm), were able to attain at least 
the same resistance level or higher, without damage to the frame. More importantly,   
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W1-M 34.9 2.2 0.47 3.4 3370 
W2-M 39.1 2.1 0.40 3.5 4121 
W3-M 35.3 4.2 0.69 4.12 2114 
W4-M 30.0 3.5 0.54 4.12 1820 
W5-M 25.4 2.4 0.40 3.4 1474 
W6-M 20.1 2.4 0.53 3.4 1018 
W7-M 33.5 1.2 0.21 3.1 5671 
W8-M 27.9 1.3 0.33 2.4 3973 
W9-M 25.6 1.6 0.22 2.7 3030 
W10-M 18.9 1.6 0.22 2.1 1790 
W11-M 32.9 1.5 0.20 3.6 7742 
W12-M 28.8 1.3 0.27 2.2 3836 
W13-M 24.7 1.0 0.16 1.7 3088 
W14-M 19.5 1.2 0.13 1.8 2310 
1 Total energy as defined by area under resistance-deformation monotonic curve 
2 4% drift limit reached  
 





















W1-C 36.7 / 35.2 1.7 / 1.8 0.40 / 0.39 2.5 / 2.7 17470 
W2-C 40.4 / 41.5 2.0 / 2.0 0.32 / 0.37 2.6 / 2.3 16150 
W3-C 38.7 / 36.0 3.5 / 3.3 0.71 / 0.64 4.1 / 4.13 12642 
W4-C 29.0 / 27.6 2.9 / 2.9 0.57 / 0.62 4.1 / 4.13 5807 
W5-C 26.7 / 26.4 1.9 / 2.8 0.34 / 0.42 3.0 / 4.13 4958 
W6-C 20.0 / 19.6 2.8 / 3.2 0.30 / 0.44 3.3 / 3.9 4353 
W7-C 31.3 / 30.2 1.2 / 1.3 0.21 / 0.25 3.2 / 3.5 32114 
W8-C 29.2 / 28.0 1.3 / 1.5 0.19 / 0.23 2.4 / 2.2 22742 
W9-C 25.7 / 24.3 1.1 / 1.1 0.20 / 0.24 2.1 / 1.8 18462 
W10-C 20.5 / 19.4 1.2 / 1.2 0.16 / 0.13 2.0 / 1.9 14748 
W11-C 35.2 / 32.1 1.3 / 1.5 0.22 / 0.17 2.6 / 2.7 42939 
W12-C 30.2 / 29.0 1.3 / 1.3 0.18 / 0.19 2.0 / 1.7 25814 
W13-C 24.8 / 23.8 1.2 / 1.0 0.21 / 0.20 1.7 / 1.5 19645 
W14-C 19.2 / 18.1 1.0 / 1.0 0.16 / 0.15 1.6 / 1.4 16022 
1 Positive and negative values listed (+ve / -ve) 
2 Total energy as defined by area within complete resistance-deformation hysteretic curves 
3 4% drift limit reached  
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this configuration allowed for thicker sheathing to be installed without a negative 
impact on the framing members. With these walls, resistances double the maximum 
of that found in AISI S400 were achieved. The drift measurements, however, were 
not improved with the use of the double sheathing, even though the framing remained 
largely undamaged. This is attributed to the detachment of the sheathing panels from 
the frame due the bearing / slotting damage in the panel at fastener locations combined 
with the shear buckling of the panels.  
 





















W19-M 39.6 1.2 0.19 2.3 4230 
W20-M 27.3 1.6 0.13 2.7 3158 
W21-M 45.9 1.1 0.18 2.3 4980 
W22-M 28.4 1.7 0.14 3.1 3606 
W28-M 61.0 1.3 0.22 2.5 6463 
W29-M 38.2 1.4 0.14 3.5 4674 
W30-M 65.4 1.6 0.29 2.8 7248 
W31-M 39.3 1.2 0.13 3.1 4783 
1 Total energy as defined by area under resistance-deformation monotonic curve 
 





















W19-C 46.5 / 42.9 1.4 / 1.0 0.26 / 0.26 2.1 / 1.9 15062 
W20-C 29.9 / 30.3 1.1 / 1.0 0.14 / 0.15 2.1 / 1.5 10508 
W21-C 47.6 / 44.8 1.2 / 0.9 0.25 / 0.20 2.1 / 1.7 13970 
W22-C 29.8 / 29.8 1.1 / 1.0 0.13 / 0.14 1.8 / 1.6 9493 
W28-C 61.4 / 62.1 1.2 / 1.1 0.23 / 0.25 2.1 / 1.6 18482 
W29-C 40.8 / 39.9 1.1 / 1.0 0.14 / 0.20 1.7 / 1.5 12611 
W30-C 71.0 / 68.6 1.6 / 1.3 0.28 / 0.27 2.5 / 1.8 24628 
W31-C 45.7 / 44.4 1.3 / 1.1 0.16 / 0.16 2.0 / 1.8 14282 
1 Positive and negative values listed (+ve / -ve) 




 Figure 12 – Definition of measured properties as obtained from a monotonic test 
curve or the backbone curve of a reversed-cyclic test 
Conclusions 
The focus of this paper was to summarize the general findings of a laboratory 
based research program on blocked and double-sheathed cold-formed steel 
framed shear walls. A total of 28 walls with a blocked frame and 16 walls with 
sheathing panels on both faces were tested under monotonic and reversed-cyclic 
displacement based loading protocols. The results showed that the frame blocking 
functions for walls whose resistance is at the limit of that found in AISI S400, 
with a range of aspect ratio between 1:1 and 1:2. Given the observed damage in 
the framing members, it is apparent that the blocking will not adequately restrain 
the framing members if thicker sheathing or a more dense fastener pattern is used. 
As such, the potential for walls with sheathing on one side to achieve higher shear 
resistance levels is quite limited. To address the eccentric loading scenario in these 
CFS shear walls, specimens with steel sheathing placed on both sides of the 
framing were also tested; the frames of these walls were designed for the 
anticipated forces based on the Effective Strip Method. The damage observed in 
the sheathing was similar to that for the blocked walls; however, the frame 
remained largely undamaged. The measured properties of these test walls 
demonstrated resistances up to twice those listed in AISI S400. In terms of 
ductility, i.e. the ability of the wall to carry and maintain in-plane shear forces 
over large drift, the double-sheathed walls behaved in a similar fashion to the 




Financial support for this research was provided by the American Iron and Steel 
Institute (AISI), the Canadian Sheet Steel Building Institute (CSSBI) and the 
Natural Sciences and Engineering Research Council of Canada (NSERC). The 
materials and tools for construction of the test specimens were provided by Bailey 
Metal Products Ltd., Simpson Strong-Tie Company Inc., Ontario Tools & 
Fasteners Ltd., UCAN and Arcelor Mittal. A special thank you is extended to 
Andrea Iachetta and Keith Lee; the laboratory phase of the research would not 
have been possible without the support of these students. 
References 
AISI S400 (2015): North American Standard for Seismic Design of Cold-Formed 
Steel Structural Systems. American Iron and Steel Institute, Washington, USA. 
American Iron and Steel Institute (AISI). "North American Specification for the 
Design of Cold-Formed Steel Structural Members." AISI S100-16, Washington, 
USA. 2016. 
Balh N. Development of Seismic Design Provisions for Steel Sheathed Shear Walls. 
Master's Thesis, Department of Civil Engineering and Applied Mechanics, McGill 
University, Montreal, Canada. 2010. 
Balh N, DaBreo J, Ong-Tone C, El-Saloussy K, Yu C, Rogers CA. Design of Steel 
Sheathed Cold-Formed Steel Framed Shear Walls. Thin-Walled Structures, 75 : 76-
86. 2014.
Brière V. Higher Capacity Cold-Formed Steel Sheathed and Framed Shear Walls for 
Mid-rise Buildings : Part 2. Master's Thesis, Department of Civil Engineering and 
Applied Mechanics, McGill University, Montreal, Canada. 2017. 
Canadian Standards Association (CSA). "North American Specification for the 
Design of Cold-Formed Steel Structural Members." CSA S136-16, Rexdale, 
Canada. 2016. 
DaBreo J, Balh N, Ong-Tone C, Rogers CA. Steel Sheathed Cold-Formed Steel 
Framed Shear Walls Subjected to Lateral and Gravity Loading. Thin-Walled 
Structures, 74 : 232-245. 2013. 
Ellis J, Shear resistance of cold-formed steel framed shear wall assemblies using 
CUREE test protocol. Simpson Strong-Tie Co. Inc, Anaheim, USA. 2007. 
Krawinkler H, Parisi F, Ibarra L, Ayoub A, Medina R (2000): Development of a 
testing protocol for wood frame structures. Report W-02 covering Task 1.3.2, 
CUREE/Caltech Woodframe Project. Consortium of Universities for Research in 
Earthquake Engineering (CUREE). Richmond, CA, USA. 
Rizk R. Cold-Formed Steel Frame - Steel Sheathed Shear Walls: Improved Range of 
Shear Strength Values Accounting for Effect of Full Frame Blocking and Thick 
Sheathing / Framing Members. Master's Thesis, Department of Civil Engineering 
and Applied Mechanics, McGill University, Montreal, Canada. 2017. 
656
Santos V. Higher Capacity Cold-Formed Steel Sheathed and Framed Shear Walls for 
Mid-rise Buildings : Part 1. Master's Thesis, Department of Civil Engineering and 
Applied Mechanics, McGill University, Montreal, Canada. 2017. 
Serrette RL, Nguyen H, Hall G. Shear wall values for light weight steel framing. 
Report No. LGSRG-3-96. Dept. of Civil Engineering, Santa Clara University, Santa 
Clara, USA. 1996. 
Serrette RL, Encalada J, Matchen B, Nguyen H, Williams A. Additional shear wall 
values for light weight steel framing, Report No. LGSRG-1-97. Dept. of Civil 
Engineering, Santa Clara University, Santa Clara, USA. 1997. 
Shamim I, DaBreo J, Rogers CA. Dynamic Testing of Single- and Double-Story 
Steel-Sheathed Cold-Formed Steel-Framed Shear Walls. ASCE Journal of 
Structural Engineering, 139(5) 807-817. 2013. 
Shamim I, Rogers CA. Steel sheathed/CFS framed shear walls under dynamic 
loading: numerical modelling and calibration. Thin-Walled Structures, 71 : 57-71. 
2013. 
Shamim I, Rogers CA. Numerical evaluation: AISI S400 steel-sheathed CFS framed 
shear wall seismic design method. Thin-Walled Structures, 95 : 48-59. 2015. 
Yanagi N, Yu C. Effective Strip Method for the Design of Cold-Formed Steel Framed 
Shear Wall with Steel Sheet Sheathing. ASCE Journal of Structural Engineering, 
140(4) 1-8. 2013. 
Yu C, Vora H, Dainard T, Tucker J, Veetvkuri P. Steel sheet sheathing options for 
cold-formed steel framed shear wall assemblies providing shear resistance, Report 
No. UNT-G76234. Dept. of Engineering Technology, University of North Texas, 
Denton, USA. 2007. 
Yu C, Chen Y. Steel sheet sheathing options for cold-formed steel framed shear wall 
assemblies providing shear resistance – Phase 2, Report No. UNT-G70752. Dept. 
of Engineering Technology, University of North Texas, Denton, USA. 2009. 
Yu C, Chen Y. Detailing recommendations for 1.83 m wide cold-formed steel shear 
walls with steel sheathing. Journal of Const. Steel Research, 67(1) 93-101. 2011. 
Yu C. Shear resistance of cold-formed steel framed shear walls with 0.686 mm, 0.762 
mm, and 0.838 mm steel sheet sheathing. Engineering Structures, 32(6) 1522-1529. 
2010. 
657
